Objectives -In patients with a ruptured abdominal aortic aneurysm (rAAA), anatomic suitability for endovascular aneurysm repair (EVAR) depends on aortic neck and iliac artery characteristics.
INTRODUCTION
Anatomical suitability for endovascular aneurysm repair (EVAR) depends on aortic neck and iliac artery characteristics. The aortoiliac anatomy of patients with a ruptured abdominal aortic aneurysm (rAAA) has been shown to be suitable ('friendly anatomy') for EVAR, in approximately 40% of cases. 1, 2 If the anatomy is unsuitable for EVAR ('hostile anatomy'), open repair (OR) is the next option. Hostile anatomy comprises shorter, wider or more angulated aortic necks and calcified or tortuous iliac arteries. As the number of patients treated with EVAR is increasing 1 , fewer patients with friendly anatomy are being treated with OR. This leaves the more challenging patients for OR. Previous studies have shown that outcomes are worse after OR in patients with hostile anatomy than in patients with friendly anatomy. [3] [4] [5] For this reason, aortoiliac anatomy might be an important confounder in observational and randomized studies comparing OR and EVAR.
In the present study, we hypothesized that after OR for an rAAA, outcomes are worse in patients with hostile anatomy for EVAR than in patients with friendly anatomy for EVAR. The objective was to test this hypothesis with regard to the outcomes of in-hospital death rate, in-hospital complication rate and long-term survival.
METHODS
We conducted an observational cohort study in all consecutive patients with an rAAA treated with OR in the Amsterdam ambulance region between May 2004 and February 2011. Patients who had previously undergone aortic reconstruction, or had an rAAA with an aortoenteric fistula or whose anatomy was not classified, were excluded. Details of the cohort of patients in the Amsterdam ambulance region have been published previously. 6 , cohort study All patients with an rAAA in the region, comprising 10 hospitals and 1.24 million inhabitants, were registered prospectively. All patients were to be evaluated with computed-tomographic angiography (CTA) on arrival at the hospitals. Patients regarded as too hemodynamically unstable to undergo CTA, immediately underwent OR after confirmation of the diagnosis with duplex ultrasound. After CTA, aortoiliac anatomy (friendly vs. hostile) was classified by the vascular surgeon and the interventional radiologist treating the patient in the acute setting. Patients with friendly anatomy who were clinically suitable for both EVAR and OR, were randomized to the Amsterdam Acute Aneurysm Trial. 6 Patients with a hostile anatomy were not randomized and were treated with OR. By this treatment algorithm, a cohort of patients treated with OR with either friendly or hostile anatomy was created for the present study. The criteria of friendly and hostile anatomy were based on the instructions for use (IFU) of an aorto-uni-iliac endograft and are shown in Table 1 . OR comprised midline laparotomy and exclusion of the aneurysm by either polyester tube or polyester bifurcated graft.
The study was conducted in accordance with the principles of the Declaration of Helsinki.
Because of its observational design, written informed consent from patients was not necessary for the present study.
Outcomes
The primary endpoint was the combined 30-day or in-hospital death rate.The primary endpoint of included patients was checked for errors in the communal registry of all death certificates in the Netherlands. The secondary endpoints were severe complications, a composite endpoint of death or complication, long-term survival, length of hospital stay, length of intensive care unit (ICU) stay and peroperative blood loss.
Details of severe complications were collected retrospectively from the medical patient charts by the primary author. Severe complications were defined as cardiac (myocardial infarction including enzymatic changes or severe hemodynamic dysfunction necessitating resuscitation or with a fatal outcome), renal (requiring temporary or permanent dialysis), gastrointestinal (ischemia necessitating bowel resection, stoma or fatal bowel ischemia), neurological (stroke or spinal chord ischemia), graft related (graft occlusion or infection), major amputation or the need for acute reoperation in accordance with the reporting standards. 7 Long-term survival was also derived from the communal registry of death certificates (last search October 10, 2013). In order to include all patients in the regression analyses, an imputation procedure was done using logistic and linear regression models whereby ten datasets were created. 9 The most critically ill patients needed the most urgent decisions and the fewest notes were made. To correct for bias of most missing data in the most critically ill patients, we included 'death' as a predictor in the imputation model. Other predictors were the baseline characteristics, level of consciousness and Glasgow coma scale. The statistical analysis was done in the ten separate imputed datasets and the outcomes were pooled.
Statistical analysis
Continuous data were described by the mean with corresponding standard deviation (SD) for data normally distributed, and by the median with corresponding inter-quartile range (IQR) for data with skewed distribution. Baseline characteristics and outcomes were compared with the students t-test, the chi-squared test, the Kruskal-Wallis test and the Mann-Whitney U test (twosided; α =.05). A P<0.05 was considered statistically significant. The ranges of outcomes of the statistical tests in the ten imputed datasets were reported. Long-term survival was assessed by
Kaplan-Meier survival analysis and compared using the log rank test.
Two logistic regression models were made to assess the risk of the outcomes in friendly and hostile anatomy after adjustment for possible confounding baseline characteristics. The first model was of the endpoint death and the second model of the composite endpoint of death or severe complication. If a continuous variable was not linear on the logit scale, it was categorized.
The chi-square statistic, the Hosmer and Lemeshow test and the area under the receiver operating characteristics curve were reported to represent model performance. The ranges of the performance outcomes in the ten imputed datasets were reported.
A sensitivity analysis was done to examine the impact of not including patients without a CTA and treatment with EVAR in our analysis. First, we compared the baseline characteristics of included vs. not included patients. Second, patients not included because no CTA was carried out were considered as hostile anatomy and EVAR treated patients were considered as friendly anatomy. Subsequently, a multivariable regression model was made to assess the risk of dying in friendly and hostile anatomy after adjustment for age, sex, comorbidity, SBP, CPR and type of intervention. 
Figure 1 Flow chart

RESULTS
During the inclusion period, 539 consecutive patients with an rAAA were admitted to the hospitals in the Amsterdam ambulance region (Figure 1 ). Of these patients, 259 were not included in the present study because no CTA was carried out (80), they were treated with EVAR (73), no intervention was done (66) or demographics and outcome were unknown (6) . Of 314 patients eligible for inclusion, 35 patients were excluded due to unknown aortoiliac anatomy classification (23), previous aortic reconstruction (9) or an rAAA with aortoenteric fistula (3). In total, 279 patients were included in the analysis of which 71 had friendly and 208 had hostile anatomy. The infrarenal aortic segment was hostile for EVAR in 156 cases, the iliac arteries were hostile in 39 cases and in 13 patients there were other or unknown reasons for hostile anatomy classification.
The baseline characteristics are shown in 
Outcomes
The outcomes are shown in The survival analyses are shown in Figure 2 . After two years, 49% (CI 38 -61%) of patients with friendly anatomy were still alive vs. 58% of patients with hostile anatomy (CI 52 -65%) (p=0.16). 
Logistic Regression
After multivariable adjustment for possible confounders, the risk of dying was not higher in patients with hostile anatomy (adjusted odds ratio 0.744, CI 0.394 -1.404). The risk of dying or developing severe complications was also not higher in patients with hostile anatomy (adjusted odds ratio 1.068, CI 0.591 -1.930) ( Table 4) .
Aortoilliac anatomy
The CTA of 215 of 279 patients could be retrieved from the archives and details of the aortoiliac anatomy are shown in Table 5 . In patients with friendly anatomy, the median infrarenal neck length was 23 mm (IQR 17 -35) and diameter was 25 mm (22 -27) . In patients with hostile anatomy because of the infrarenal neck, the median infrarenal neck length was 10 mm (IQR 5 -17) and diameter was 25 mm (IQR 23 -32) (p<0.01 and p=0.01, respectively). In patients with friendly anatomy, the common iliac artery diameters were 16 mm (IQR 12 -18) and 14 mm (IQR 12 -18). In patients with hostile anatomy because of the iliac arteries, the common iliac artery diameters were 21 mm (IQR 15 -31) and 18 mm (IQR 14 -25) (p<0.01 and p=0.02, respectively). 
Sensitivity Analysis
Most baseline characteristics were comparable between included and not included patients (data not shown). The median pre-operative SBP of patients included in the analysis was 100 mmHg (IQR 75 -128 mmHg) and 60 mmHg (IQR 18 -95 mmHg) of patients not included because no CTA was carried out (p<0.01). CPR was needed in 8% (23 of 279) of patients included in the analysis and in 32% (25 of 80) of patients not included because no CTA was carried out.
The logistic regression model considering patients in whom no CTA was carried out as hostile anatomy and EVAR treated patients as friendly anatomy included 432 surgically treated patients.
Of these patients 144 had friendly and 288 had hostile anatomy. After multivariable adjustment for age, sex, comorbidity, SBP, CPR and type of intervention, the risk of dying was not higher in patients with hostile anatomy (adjusted odds ratio 1.090, CI 0.593 -2.004) (data not shown). 
DISCUSSION
In patients with a ruptured abdominal aortic aneurysm treated with open repair, the outcomes are comparable between patients with friendly and hostile aortoiliac anatomy for EVAR. We reject our hypothesis.
For us, the most plausible explanation for this surprising conclusion is optimisation of logistics in the Amsterdam ambulance region. In this region care has been centralised in three hospitals with 24-hr full emergency vascular service since 2003. In the Amsterdam Acute Aneurysm
Trial, the precursor of the present study, the results after OR were better than anticipated. 6 Further analysis of the referral patterns showed that the lower death rates can be explained by the regional cooperation. 22 Thus, we consider logistic aspects of care to be more important contributors to the outcomes after an rAAA than aortoiliac anatomy. Examples of such logistic aspects are permissive hypotension during transport, the availability of a 24-hr full vascular service with specialised staff, a preoperative CTA immediately on arrival at the hospital, specialised anaesthetic care and a level III intensive care unit.
Confounding by aortic anatomy
Some observational studies have reported a higher death rate after OR than after EVAR in patients with an rAAA. 10, 11 However, two randomised trials showed no significant difference in death rates after OR and EVAR. 6, 12 To date, only patients with friendly anatomy for EVAR have been included in the randomised trials. It has been hypothesized that selection by aortoiliac anatomy explains the inconsistencies between observational and randomized studies. 3 Aortoiliac anatomy might also be an important confounder within observational studies comparing EVAR and OR. The results of the present study contradict these hypotheses. We suspect that other confounding factors explain the conflicting outcomes between observational and randomised studies.
Examples of such factors are preoperative blood pressure 13 and resuscitation 14 , intervention at a specialised vascular hospital with a high annual case-load 15, 16 , hypothermia 17 , after-hours surgery 18 , and specialised anaesthetic 19 and intensive care.
Friendly anatomy rate
Of patients evaluated with CTA, the friendly anatomy rate for EVAR in the present study was 49% (174/356). The friendly anatomy rate of previous studies ranged between 54% and 99% 20 3, 21 . Compared to these studies, the friendly anatomy rate in the Amsterdam region was rather low. Caregivers adhered mostly to the IFU because little data or guidelines are available on the use of endografts outside the IFU in patients with an rAAA. One might consider the IFU criteria for friendly and hostile anatomy in our study as conservative. The anatomy of some patients graded as hostile by our observers, might be considered friendly by others. Possibly, this resulted in comparable aortoiliac anatomy between the two groups. However, the retrospective measurements of aortoiliac anatomy showed that in patients with hostile anatomy the infrarenal necks were shorter and wider indeed and the common iliac arteries wider.
Previous studies
The present study expands upon previous studies that considered the outcomes in patients with friendly or hostile anatomy for EVAR. [3] [4] [5] 21 First, aortoiliac anatomy was classified prospectively in the acute setting by the treating vascular surgeon and interventional radiologist. In this way, the classification is applicable to the previously described selection bias by type of intervention in observational studies. Second, the present study was conducted in several hospitals reflecting daily practice and increasing the external validity of our results.
Our results conflict with those of three previous studies. [3] [4] [5] The largest and most important study was conducted in 233 patients in Bern, Switzerland. 3 In the Bern study, the 30-day death rate after OR in patients with suitable aortoiliac anatomy was only 4% (CI 1 -12%), in patients with borderline anatomy 16% (CI 9 -27%) and in patients with unsuitable anatomy 24% (CI 17 -33%). After multivariable adjustment for case-mix and hemodynamic stability, the risk of dying was higher in patients with unsuitable anatomy. It is hard to determine why our results are so conflicting with those of this similar study. Differences between the studies are numerous and listed in 21 It is noteworthy that in this study, the assessment of anatomy was retrospective as it was in the Bern study.
No definite conclusions can be drawn from these conflicting results and more studies are needed. A barrier to solving the controversy is that only observational studies can be used and these are always subject to bias. Adjustment to eliminate differences in hemodynamic stability, as was done in the Bern study and in our study, is of major importance in minimizing the risk of confounding within such a study.
Limitations
An important limitation of the present study was the inclusion of only 279 of all 467 surgically treated patients. We examined the impact of excluding three groups of patients separately. The first and most important group consisted of 80 patients in whom no CTA was carried out and 73 EVAR treated patients. The second group contained 23 patients in whom no prospective evaluation of aortoiliac anatomy was available. The third group harboured 12 patients who were excluded because of their diagnosis. For the first group, the sensitivity analysis was conducted.
After multivariable adjustment for possible confounders, the risk of dying was not higher in patients with hostile anatomy Moreover, pre-operative SBP per 10 mmHg (adjusted odds ratio 0.858, CI 0.805 -0.914) and CPR (adjusted odds ratio 2.740, 1.228 -6.113) were significantly associated with dying in this model. This underlines the importance of hemodynamic stability in patients with an rAAA.
For the second group if we considered these patients as having friendly anatomy, the death rate in patients with friendly anatomy would be 37% (35 of 94, CI 28 -47%) and in patients with hostile anatomy 31% (64 of 209, CI 25 -37%). If we considered these patients as having hostile anatomy, the death rate in patients with friendly anatomy would be 38% (27 of 71, CI 28 -50%) and in patients with hostile anatomy 31% (72 of 232, CI 25 -37%). These crude death rates barely differ from the primary outcomes.
The third group of excluded patients was considered as 'extra difficult rAAA patients'. Risk profiles and outcomes of these patients were so unalike, that statistical methods could not eliminate differences in case-mix.
To summarise, the impact of not including 188 of 467 surgically treated patients appears to be little on our conclusions. However, we cannot rule out any residual confounding or selection bias.
Moreover, the number of patients in the friendly and hostile anatomy group was disproportional and we might falsely reject our hypothesis.
Another limitation was that in 9% (26 of 280) of patients some data was missing. Most missing data concerned the variables SBP (5%, 15 of 280), and CPR (5%, 13 of 280). In these 26 patients, the death rate was high (58%, 15 of 26, CI 39 -75%). We coped with the missing data by multiple imputation and included 'death' as a predictor in the imputation model to adjust for most missing data in the most critically ill patients.
While statistical methods were used to eliminate differences in observed confounders, another limitation of the present study was that we were unable to adjust for differences in unobserved intra-operative confounders such as blood loss and duration of intervention.
Conclusions
In patients with an rAAA treated with OR in the Amsterdam region, the death rate in patients with friendly and hostile aortoiliac anatomy was comparable. Moreover, severe complication rate, a composite endpoint of in-hospital death or severe complication, long-term survival, length of hospital stay, length of intensive care unit (ICU) stay and peroperative blood loss did not differ. Finally, after adjustment for possible confounders the risk of dying or a severe complication was not higher in patients with hostile anatomy than in patients with friendly anatomy. Based on these results, we conclude that outcomes after open repair for a ruptured abdominal aortoiliac aneurysm are comparable in patients with anatomy friendly and hostile to EVAR.
